Abstract-Hypertension confers risk for multiple types of cardiovascular events, but competing risks for these outcomes are unknown. We estimated the competing risks over 12 years after hypertension onset among cases and age-, sex-, and examination-matched controls using competing Cox cumulative incidence and proportional hazards models. We included all Framingham Heart Study subjects examined after 1977 with new-onset hypertension who were free of cardiovascular disease. There were 645 men and 702 women with new-onset hypertension (mean age: men, 55Ϯ12 years; women, 59Ϯ12 years). Compared with matched nonhypertensive controls, subjects with new-onset hypertension were more likely to experience a cardiovascular event first rather than noncardiovascular death. Among new-onset hypertensives, the 12-year competing cumulative incidence of any cardiovascular end point as a first event in men was 24.7%, compared with 9.8% for noncardiovascular death (hazards ratio [HR], 2.53; 95% confidence interval [CI], 1.83 to 3.50); in women, the competing incidences were 16.0% versus 10.1%, respectively (HR, 1.58; 95% CI, 1.13 to 2.20).
M ore than 65 million adults in the United States currently have hypertension. 1 Hypertension is a risk factor for a number of cardiovascular diseases (CVD), including stroke, congestive heart failure (CHF), coronary heart disease (CHD), and peripheral arterial disease, as well as for endorgan damage such as renal disease, and mortality from all causes. 2, 3 Observational data have established independent associations between hypertension and each of these outcomes, and placebo-controlled clinical trials of antihypertensive therapy have documented impressive reductions in CVD events. 4 -8 To date, however, there have been no studies examining which CVD events occur as a first event after hypertension onset in a competing risks framework. This distinction is important because the occurrence of one type of CVD event (eg, stroke) may be associated with greater morbidity and mortality than another type of CVD (eg, angina), and because the occurrence of one CVD event (eg, myocardial infarction [MI] ) may markedly increase the risk for subsequent CVD events (CHF, stroke). Furthermore, different strategies may be needed to prevent different outcomes. Thus, understanding which of the competing CVD events occurs first after hypertension onset may have important implications for prognosis and prevention. Using data from the Framingham Heart Study, we sought to quantitate the competing risks for different first CVD events after hypertension onset, relative to each other and to non-CVD death, and to identify characteristics affecting these competing risks. We compared competing risks among men and women with new-onset hypertension, and between subjects with new-onset hypertension and a nonhypertensive control group.
Methods

Study Sample and Definitions
Study design and entry criteria for the Framingham Heart Study have been detailed elsewhere. 9, 10 All examinations and procedures were approved by the institutional review board of Boston Medical Center, and all participants have provided informed consent in accordance with institutional guidelines. For the present analysis, we included all subjects who were examined after September 1, 1977 and were free of any pre-existing CVD. At each examination, blood pressure was measured twice in the left arm by a physician, and the average of the 2 values was used as described previously. 11 Subjects with prevalent CVD, blood pressure Ն160 mm Hg systolic or Ն100 mm Hg diastolic, or receiving antihypertensive therapy before the study period were excluded. To select only those subjects who were truly hypertensive, we defined new-onset hypertension as blood pressure Ն160 mm Hg systolic or Ն100 mm Hg diastolic, or new antihypertensive therapy at one Framingham Heart Study clinic examination; or blood pressure Ն140 mm Hg systolic or Ն90 mm Hg diastolic at 2 consecutive Heart Study examinations (4 years apart). We also selected control subjects matched 1:1 with cases on age (within 5 years), sex, and examination cycle at diagnosis of hypertension. New-onset hypertensive subjects and controls were followed-up for up to 12 years after the diagnosis of new-onset hypertension; follow-up was censored at the time of death, a CVD event, the end of the study period (1999), or (for controls) the occurrence of new-onset hypertension.
All events were reviewed and adjudicated by a panel of 3 trained physicians after review of all Framingham Heart Study examinations, as well as physician notes and hospital charts, using previously published criteria. 12 We defined a CVD event ("all CVD") as the occurrence of a hard coronary heart disease event (coronary death, MI, or coronary insufficiency [hospitalized unstable angina]), stroke, congestive heart failure, angina pectoris, intermittent claudication, or other cause of CVD death. A "hard CVD" event was defined as the aforementioned excluding angina and claudication. Non-CVD death was defined as the occurrence of death attributable to causes other than CVD (eg, cancer).
Statistical Analysis
We first estimated the overall Kaplan-Meier 13 cumulative incidence for the occurrence of any CVD or non-CVD death at any time during 12 years after hypertension onset. We then determined the first event occurring after hypertension onset, whether it was CVD or non-CVD death, separately for cases and controls. We estimated the hazards and competing cumulative incidences of CVD events compared with non-CVD death as the first event after hypertension onset in a competing risks framework, as described previously. 14, 15 Briefly, we used the method of data duplication as described by Lunn and McNeil 14 to fit Cox proportional hazards models 16 for all CVD events combined compared with non-CVD death as a first event after hypertension onset, separately for men and women. This analysis was repeated for the comparison between hard CVD events and non-CVD death. Similar analyses were performed examining the competing risks with individual CVD events and non-CVD death in the models, using non-CVD death as the referent. We then estimated the cumulative incidence of competing first CVD events (combined and individually) and non-CVD death using the methods described by Tai et al, 15 which extend the approach of Lunn and McNeil, 14 separately for cases and controls. In sex-specific Cox models, we also evaluated the hazards for a first CVD event versus non-CVD death among new-onset hypertensives compared with nonhypertensive controls by entering hypertensive status as a covariate in models containing both hypertensive subjects and controls.
To check for effect modification by age and severity of hypertension, we stratified subjects into those aged younger than 60 years compared with those 60 years or older at diagnosis of hypertension and also stratified subjects into those with stage 1 hypertension (140 to 159 mm Hg systolic or 90 to 99 mm Hg diastolic) compared with stage Ն2 (systolic Ն160 mm Hg or diastolic Ն100 mm Hg or treated) hypertension at diagnosis. Competing Cox models and cumulative incidences were then repeated as mentioned. If a CVD event occurred on the same day as death, then the CVD event was coded as occurring first. When CHF and MI were diagnosed simultaneously, we arbitrarily assigned the MI as occurring first. Otherwise, when Ն2 CVD events were diagnosed simultaneously, we used random selection to break the tie. All analyses were performed using SAS statistical software. 17 
Results
Baseline Characteristics and Outcomes
There were 645 men and 702 women with new-onset hypertension and no previous CVD. Baseline characteristics of hypertensive subjects and age-, sex-, and examinationmatched control subjects are shown in Table 1 . As expected, hypertensive subjects and controls differed with respect to blood pressure levels and antihypertensive therapy, but they were similar with regard to age, cardiovascular risk factor profiles, and rates of non-CVD death. Among men with new-onset hypertension, 129 CVD events and 51 non-CVD deaths occurred during follow-up; male controls experienced 90 CVD events and 57 non-CVD deaths. Among hypertensive women, 77 CVD events and 50 non-CVD deaths occurred during follow-up; female controls experienced 50 CVD events and 49 non-CVD deaths.
Competing Risks for All CVD Events After Hypertension Onset
In men and women with new-onset hypertension, a CVD event was significantly more likely as a first event than non-CVD death. As shown in Table 2 , the competing cumulative incidence of any CVD as a first event in hypertensive 
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Among nonhypertensive women, the hazards for CVD and non-CVD death were the same. Competing cumulative incidence curves for all CVD events compared with non-CVD death are shown in Figure 1 for those with new-onset hypertension and for controls, separately for men and women. When all individual CVD events were placed in the model competing with non-CVD death (Table 2) , the most common first CVD events in hypertensive men were angina/claudication (8.8%), followed by hard CHD (8.2%) in men. These patterns were similar but at lower rates among male controls. In hypertensive women, the most common first CVD events were angina/claudication (5.3%), followed by stroke (5.2%). In female control subjects, the rates of stroke as a first event were substantially lower (1.7%).
In an analysis comparing those with new-onset hypertension with controls, male hypertensives were more likely to experience a CVD event than non-CVD death first compared with controls (HR for CVD first in cases versus controls 1.64; 95% CI, 1.02 to 2.66). For female hypertensives compared with controls, the HR for having a CVD event first was 1.53 (95% CI, 0.93 to 2.59).
Competing Risks for Hard CVD Events After Hypertension Onset
When we excluded angina/claudication as a first event (Table  3) , the competing cumulative incidence of hard CVD as a first event in men was 19.5%, compared with 10.8% for non-CVD death (HR, 1.80; 95% CI, 1.30 to 2.50); in women, the incidences were 12.6% versus 10.9%, respectively (HR, 1.15; 95% CI, 0.81 to 1.63). Control subjects were not more likely to experience a hard CVD event first. Competing cumulative incidence curves for hard CVD events compared with non-CVD death are shown in Figure 2 . Table 3 also shows the results for the model containing individual hard CVD events as a first event competing with non-CVD death.
In this analysis, the most common first events were hard CHD (10.6%) in hypertensive men and stroke (5.8%) in hypertensive women. The median times to event were 6.4 years for hard CHD in hypertensive men and 6.8 years for stroke in hypertensive women.
Competing Risks for CVD by Age and Severity of Hypertension at Onset
Among subjects with new-onset hypertension, the incidence of both CVD events and non-CVD death increased for subjects with onset at age 60 years or older compared with those younger than 60 years (Table 4) . At all ages after the onset of hypertension, CVD was more likely to occur as a first event than non-CVD death. The contrast between risk for CVD and non-CVD death was most striking in men with hypertension onset at age younger than 60 years; in this group, the 12-year risk of CVD was 19.9% compared with 3.5% for non-CVD death (HR, 5.67; 95% CI, 3.07 to 10.46). For men and women, there was a dramatic increase in stroke and CHF as first CVD events with hypertension onset at age 60 years or older compared with younger than 60 years. Stroke became the most common type of all first CVD events after hypertension onset at age 60 years or older in both men and women (Table 4) . As shown in Table 5 , there was somewhat higher CVD incidence as a first event in subjects with stage Ն2 or treated hypertension compared with stage 1 hypertension. In contrast, the 12-year incidence of non-CVD death was not strikingly different between subjects with higher versus lower blood pressure. For both men and women with stage Ն2 or treated hypertension, angina/claudication was the most common first CVD event. There were lower rates of stroke as a first CVD event among men with stage Ն2 or treated hypertension compared with stage 1 hypertension. In a secondary analysis, when we excluded subjects receiving antihypertensive therapy and only analyzed subjects with untreated stage Ն2 hypertension, the results did not change materially (data not shown). There were no other substantial differences in the type of first CVD event between subjects with higher versus lower hypertension stage. Other CVD death (nϭ3 men and 2 women), % 0.6 0.4 0.4 0 Figure 2 . Competing cumulative incidences of first events of hard CVD or non-CVD death in subjects with newonset hypertension and age-, sex-, and examination-matched control subjects.
Discussion Principal Findings
In our largely middle-aged sample of men and women with new-onset hypertension, we observed that a CVD event was 1.6 to 2.5 times more likely to occur as a first event than was a non-CVD death over 12 years of follow-up. Compared with age-, sex-, and examination-matched control subjects, men and women with new-onset hypertension were more likely to experience a first CVD event than non-CVD death, although this finding did not achieve statistical significance in women.
Men with new-onset hypertension at younger than 60 years of age were almost 6 times more likely to experience a CVD event first than die from non-CVD causes. Types of first hard CVD events differed by gender and age at hypertension onset. In younger men, hard CHD events were the most common first events, whereas in older men and in women at all ages, stroke was the most common first event.
Implications
Hypertension is known to increase the risks for stroke, CHF, CHD, peripheral vascular disease, CVD death, end-stage renal disease, and mortality from all causes. 2, 3 Rates of treatment and of blood pressure control to goal levels among hypertensive subjects remain suboptimal. 18, 19 With the aging of the population, the overall prevalence of hypertension will increase, and its impact as a major risk factor will grow, unless major public health and clinical efforts can focus on prevention and achievement of greater control.
The current results may have important implications for primary prevention strategies. For example, in women and older subjects with new-onset hypertension, hypertensiverelated CVD events (stroke, CHF) predominate as first events. Stroke is the most common first hard CVD event after new-onset hypertension in women and in all patients 60 years of age or older. Thus, clinicians and patients may want to focus their major efforts on achieving blood pressure control specifically aiming to lower the risk of stroke and CHF in these subgroups. Previous epidemiologic data have shown that hypertension confers higher relative risks for stroke and CHF than for other CVD outcomes, such as CHD. 3, 20 Further, clinical trials have documented striking reductions in stroke and CHF incidence with antihypertensive therapy. 7, 21, 22 Global risk reduction is clearly indicated for these patients, but other strategies such as antiplatelet therapy, lipid- lowering, and smoking cessation have not been shown to reduce the risk of stroke to the same degree. [23] [24] [25] [26] Conversely, in men younger than 60 years of age, who were almost 6 times more likely to experience a CVD event than non-CVD death, the most common first hard CVD events were related to atherosclerotic CHD (eg, MI, unstable angina). Thus, in younger men with new-onset hypertension, in addition to blood pressure control, significant emphasis might be placed on use of cholesterol-lowering therapy and aspirin, for which there are impressive data on preventing CHD. Recent clinical trials support such an approach. As part of the Anglo-Scandinavian Cardiac Outcomes Trial (AS-COT), 27 a trial of newer versus older antihypertensive therapies, the investigators randomized a subset of hypertensive individuals with mean total cholesterol of 213 mg/dL (5.5 mmol/L) to atorvastatin 10 mg or placebo daily. The cholesterol-lowering portion of the trial was terminated prematurely, after a median follow-up of only 3.3 years, because of a significant 36% reduction in fatal CHD and nonfatal MI in the atorvastatin group, even among those without elevated cholesterol. 27 Furthermore, in the Hypertension Optimal Treatment trial, treatment with 75 mg per day of aspirin was associated with a 36% reduction in MI compared with placebo among hypertensive individuals. 28 Some of the sex-associated differences in patterns of first events that we observed may have been related to baseline differences in smoking, cholesterol, and antihypertensive therapy (Table 1) . Our observation that there were few differences in first event patterns between those with stage 1 hypertension and those with stage 2 or treated hypertension is of interest. It is possible that individuals with stage 1 hypertension remained untreated for a longer period during follow-up, thereby placing them at higher risk. The current study design did not allow us to address these issues definitively.
Our results may be useful in the design of clinical trials examining antihypertensive therapy in new-onset hypertensives at similar ages. Clinical trials typically only analyze follow-up data on participants until the occurrence of a first event of interest. Because we focused on first events, the event rates we report may be useful in generating power and sample-size calculations for CVD and non-CVD death endpoints in such trials. In particular, our examination of all CVD and hard CVD endpoints, as well as individual CVD event types, may be useful in light of the trend for trialists to choose composite CVD outcomes as primary endpoints.
Potential Limitations
The Framingham Heart Study cohort is composed almost exclusively of white individuals, which may limit the generalizability of our findings to other ethnic groups, in whom the competing risks of CVD, CVD subtypes, and non-CVD death may differ. It is difficult, if not impossible, to assign an exact date of hypertension onset, given the lability of blood pressure readings within individuals during the day and over time. We required the presence of stage Ն2 hypertension or new antihypertensive therapy at 1 examination, or stage 1 hypertension at 2 consecutive examinations (4 years apart). We chose our conservative definition of hypertension based only on blood pressure readings obtained according to protocol at Heart Study examinations in an attempt to include only subjects who were truly hypertensive. Thus, we may have diagnosed new-onset hypertension somewhat later than would have been the case had subjects been examined more frequently, possibly leading to somewhat shorter times to event for CVD outcomes. Conversely, a high proportion (46%) of our subjects with new-onset hypertension diagnosed was receiving antihypertensive therapy, which would have delayed or prevented CVD events. Furthermore, the mean blood pressure among new-onset hypertensive subjects was only modestly elevated, which likely reduced risk of CVD. We had limited power to detect differences between subgroups in our stratified analyses based on age or hypertensive stage, given a relatively small number of events.
Current Study in Context
The present analysis represents a novel approach to understanding the risks of different outcomes associated with new-onset hypertension. Traditional epidemiologic methods using Kaplan-Meier analysis have several limitations. First, they do not account for the competing and concurrent risks of multiple different outcomes. Kaplan-Meier methods directly estimate the probability of an event if the risk of other outcomes is reduced to zero, an assumption that does not accurately reflect the clinical situation. Further, KaplanMeier methods assume independence of different event types, which is inappropriate, because a first CVD event (eg, MI) may markedly enhance the risk for a second (eg, stroke or CHF), thus ignoring the conditional and time-dependent nature of the associations between outcomes. Finally, Kaplan-Meier analysis also assumes independence of the censoring mechanism, which may introduce unpredictable biases. 14, 15 For example, patients lost to follow-up after hypertension onset may have been less likely to return for an examination if they had a severe CVD event (such as a large stroke), or more likely to return if they had a mild CVD event (angina). Our study benefited from methods that do not assume independence of event types or censoring mechanisms, but do account for joint and competing risks between CVD events and non-CVD death.
